Objective: The present in vitro study aimed to evaluate the photoprotective activity of four plant species from Brazil. Material and Methods: Plants (Lippia brasiliensis, L. pseudothea, L. rotundifolia and L. rubella) were collected in Minas Gerais state, Brazil, and ethanolic extracts were obtained. These were incorporated in neutral lotions and their SPF, UVAPF, UVA/ UVB Ratio and Critical Wavelength were determined by diffuse transmittance spectroscopy. Results: The best results were obtained with L. brasiliensis. It was demonstrated that this species generated an estimated in vitro SPF of 9 ± 1.0, and an effective UVAPF of 8 ± 0.7, at 15% in a neutral lotion. Conclusion: Broad spectrum sunscreens were obtained when all of four species were used as single UV filter in the sunscreens formulations, although L. brasiliensis presented the best UVA/UVB balance.
INTRODUCTION
Sunscreens are worldwide known cosmeceuticals used to protect epidermis and dermis from photo degradation and photo oxidation triggered by solar ultraviolet (UV) radiations. 1 The class of cosmeceuticals includes products formulated with pharmaceutical and active type of ingredients, in which phytocosmetics made with natural ingredients from plants represent a huge focus on products research and marketing. 2 In spite of the stimulation of the studies involving medicinal plants by World Health Organization (WHO), the clinical efficacy and safe use of many of these medicines are still poor understood, 3 reason why studies on this field are always encouraged.
It is well known the outstanding species richness found in the Neotropics. Comprising around 90,000-110,000 species of seed plants, the Neotropicsalone harbours about 37% of the world's species. 4 On the other hand, only a small fraction of the immense diversity of plant metabolism has been explored for the production of new medicines and other products important to human well-being. 5 As part of the Neotropics, Brazil possibly harbours the Earth's richest flora, at least 50,000 species or one-sixth of the planetary total 6 opening an inestimable opportunity to identify new substances with therapeutic value. 7 The genus Lippia comprises approximately 100 species of herbs, shrubs, and small trees, mainly distributed throughout South and Central America with Brazil as a hot spot of diversity. [7] [8] [9] One of the main diversity centers of the genus is located at Espinhaço range, Minas Gerais State, Brazil. 10 There are many economically important Lippia species and some of them have been used in traditional medicine.The main components identified in the genus include phenolic acids, flavonoids, tannins, saponins, resins, alkaloids, steroids, naphthoquinoids and iridoids. 11 In spite of several studies about the pharmacological activity of Lippia compounds (e.g. Funari et al. 2012 12 ) and the knowledge that many components -such as those ones listed above-play a role in protecting human cells from UV damage, no reports about the photoprotective activity of Lippia were reported so far.
Considering the wide occurrence of the genus Lippia in Brazil and the use of different species in folk medicine we aimed to investigate the photoprotective activity of four Brazilian Lippia species.
MATERIALS AND METHODS

Chemicals
Analytical-grade glycerin (Vetec, Brazil) and ultrapure water (18.2 MΩ cm) obtained from an aqua MAX-Ultra 370 Series water purification system (YoungLin, Korea) were used throughout the analysis. Square-shaped (50 x 50 mm) polymethylmethacrylate (PMMA) Helioplate™ HD6 (HelioScreen, France) plates with roughened surface on one side (Sa ≈ 6 μm) were used as the substrate for the determination of photoprotection activity by diffuse transmittance spectrophotometry.
Equipments
The in vitro photoprotection experiments were conducted in an UV-2000S Ultraviolet Transmittance Analyzer (Labsphere, USA), composed of two photodiode array spectrographs and equipped with an integrating sphere and a xenon flashlamp. A long-arc xenon Sun test TM insolator, type CPS+ (Atlas, Germany), filtered with its original UV short cut-off filter combined with a Special UV Glass filter (limiting radiation at approximately 290 nm), providing a VIS+UVA+UVB spectrum, was used as the artificial UV source for irradiation of the sunscreen samples. PMMA plates were supported firmly throughout the irradiation by a SunTray holder which also provided a dark background behind each plate to reduce the risk of any back exposure.
An electronic analytical balance AY-220 (Shimadzu, Japan) and a positive-displacement manual pipette (Mettler Toledo, USA) were used for the preparation of the samples PMMA plates.
Samples
Lippia species were collected at the Espinhaço Range, Minas Gerais State, Brazil and transplanted to the Plant Experimental Area at Universidade Federal de Juiz de Fora (UFJF). Dr Fátima Regina Gonçalves Salimena identified the species and the exsiccates were deposited in the Specimens' leaves (50 g) were cleaned with water and dried in a circulating air oven at 21 ± 2.0ºC for four days. Subsequently, the material was ground in a knife mill (TA-2, Metvisa, Brazil). The material was macerated in ethanol through static maceration process for three days at room temperature. The ethanol extracts filtrates were subjected to slowly rotary evaporator (R-114-Büchi, Switzerland) under reduced pressure at 40°C until the complete removal of the solvent.
The dried extracts were incorporated in a cosmetic neutral lotion at 15%, and then subjected to photoprotection assay.
Photoprotection assay
The photoprotection assay followed the protocol described by Colipa. 13 The samples were accurately and quickly weighed (to reduce product evaporation and dryness) to satisfy the application rate of 1.3 mg cm -2 in each PMMA plate (actual quantity applied: 32.5 mg, determined by weighing the plates before and immediately after applying the products). They were directly weighed on the plate surface, applied as a large number of small droplets of approximately equal mass, and distributed in an even manner on the roughened surface of the plate. Then, the products were spread over the whole surface with a fingertip covered with a vinyl glove and pre-saturated with the product to prevent possible losses of the amount weighed. For each product, three plates were kept protected from light exposure in a dark chamber at room temperature (≈ 20ºC) for 15 minutes.
After this period, the plates containing the product were placed in the light-path of the transmittance analyzer. The transmission of UV radiation through the sample was measured from 290 to 450 nm at 1 nm intervals at 9 different sites of each plate (total measurement area = 2.0 cm 2 ). The blank was prepared using the HD6 plates covered with 15 μL of glycerin, because of its non-fluorescence and UV transparency. For UVAPF, the plates were inserted into the UV irradiation source (temperature maintained below 40ºC) and then exposed to a calculated UV dose. After that, new transmission measurements of the sunscreen samples were conducted for acquisition of the second UV spectrum, and then the final UVAPF, the UVA/UVB Ratio and the Critical Wavelength were calculated. Theoretical background can be found in Polonini et al. 14 The validation of the results was obtained using the Cosmetics Europe Reference Sunscreen S2 (determined SPF=18 ± 1.5, UVAPF=12 ± 1.1, λ c =381 nm, and UVA/ UVB Ratio=0.88). All results were expressed as a mean of 27 determinations (3 plates, 9 readings each, at different sites) for lotions containing 15% of each dried extract in isolation.
RESULTS AND DISCUSSION
In the present work, we used the diffuse transmittance in vitro technique to determine the photoprotection profile of four dried extracts of Lippia, because it can determine not only the SPF, but also the protection against UVA radiation (UVAPF), which is important since its role on the skin cancer pathogenesis is currently known. [15] [16] [17] All four species presented considerable protection, both for UVB and UVA radiations, being L. brasiliensis the one that presented the higher protection for both parameters ( Table  1 and Figure 1 ). Yet, it is advisable that the UVAPF should be at least 1/3 of the SPF. 18 and in this case all species meet this criteria.
Moreover, we determined the Critical Wavelength (λ c ), which also measures the UVA protection, being defined as the wavelength at which the integral of the area under the absorption spectrum of the sample reaches 90 % of the total absorption, from 290 to 400 nm. 13 The US Food and Drug Administration (FDA) 19 uses this parameter to determine if a product is a broad spectrum sunscreen or not. It considers the broad spectrum test as a pass/fail test based on the critical wavelength value of 370 nm. Under such classification, all four lotions containing the extracts can be considered broad-spectrum filters. However, the λ c does not take into account the intensity of the whole spectrum, enabling that a filter with less protection present the same value λc of another with superior protection. [20] [21] [22] In this case, the ideal situation regarding the protection in the UVA wavelength region is that it reaches a value similar to SPF protection factor (FPUVA / FPUVB ≈ 1.0). In this study, we have determined the UVA/UVB Ratio, which provides a good idea of which UV region is better blocked by the substances. It is assumed that the closer the Ratio is of the unity, the better the spectrum of protection. In this case, L. brasiliensis showed the best balance between the protection in both regions of solar spectrum (Ratio=0.91).
The UVA/UVB ratio can also be used to provide the socalled Boots Star Rating, 23 which classifies the products into categories from 0 to 5 stars. Such classification should be done according to initial and post exposure UVA/UVB Ratios. The Boots Star Rating is important to determine the stability of the generated photoprotection values, since the components of the sunscreens may degrade. By this classification, the product containing the dried extracts species are (L. rubella), (L. pseudothea and L. rotundifolia) or (L. brasiliensis).
Finally, under Brazilian law the SPF must be at least 6, 18 for a product to be considered a real sunscreen. In our case, three out of the four species can have an SPF label: L. brasiliensis, L. pseudothea and L. rubella. These results are encouraging, once several studies have been conducted to evaluate the photo protective activity of species of the Brazilian flora, but they do not always succeed.
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CONCLUSION
By the exposed, among the four species studied for their use as herbal sunscreens/ UV filters, we found that broad spectrum sunscreens were obtained when all of four species were used as single UV filter in the sunscreens formulations, although L. brasiliensis presented the best UVA/UVB balance. It was demonstrated that this species generated an estimated in vitro SPF of 9 ± 1.0, and an effective UVAPF of 8 ± 0.7, at 15% in a neutral lotion. For UVAPF, this is already the final value that can be put in the final product label. However, for SPF it is still necessary to perform in vivo test in human volunteers, which is highly advisable given the good protection results obtained.
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Highlights of Paper
• our species of Lippia presented sunscreening activity.
• L. brasiliensis presented the best UVA/UVB balance.
• This provide the basis for their use in commercial products.
